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Motivation

ECLiPSe attempts to support - in  some f orm or oth er - th e 
most c ommon  tec h n iq ues used  in  sol v in g  Con strain t 
( O ptimiz ation ) Prob l ems:

� CP – Con strain t Prog rammin g
� M P – M ath ematic al  Prog rammin g
� LS – Loc al  Searc h
� an d  c omb in ation s of  th ose

ECLiPSe is b uil t aroun d  th e CLP ( Con strain t Log ic  
Prog rammin g ) parad ig m



ECLiPSe for M od el l in g a n d  Sol v in g
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ECLiPSe U s a g e

A ppl ic ation s
� D ev el opin g  prob l em sol v ers
� Emb ed d in g  an d  d el iv ery

R esearc h
� T eac h in g
� Prototy pin g  sol ution  tec h n iq ues

ECLiPSe is open  sourc e ( M PL)
� c an  b e f reel y  used  f or an y  purpose



O v erv iew

� H ow  to mod el
� H ow  to use sol v ers
� H ow  to prototy pe c on strain ts
� H ow  to d o tree searc h
� H ow  to d o optimiz ation
� H ow  to b reak  sy mmetries
� H ow  to d o Loc al  Searc h
� H ow  to use LP/ M I P
� H ow  to d o h y b rid s
� H ow  to v isual ise



ECLiPSe Prog ra m m in g  La n g u a g e ( I )
� Logic Programming based

P r e d ic a t e s  ov e r  L og ic a l  V a r ia b l e s X # > Y ,  int e g e r s ([ X, Y ] )
D is j u nc t ion v ia  b a c k t r a c k ing X= 1 ;  X= 2
M e t a p r og r a m m ing (e . g .  c ons t r a int s  a s  d a t a ) Cons t r a int  =  (X+ Y )

� M odel l ing ex t ensions
A r r a y s M [ I , J ]
S t r u c t u r e s t a s k { s t a r t :S }
I t e r a t ion/ Q u a nt if ic a t ion ( f or e a c h (X, Xs ) d o …)

� S ol v er annot at ions
S ol v e r  l ib r a r ie s :- l ib (ic ).  
S ol v e r  q u a l if ic a t ion [ S ol v e r s ]  : Cons t r a int

O ne l angu age f or model l ing,  search ,  and sol v er imp l ement at ion!



Mod e l l ing
S ol ve r  ind e p e nd e nt m od e l
model(Vars, O b j ) :-

Vars =  [ A 1 , A 2 , A 3 , B 1 , B 2 , B 3 , C 1 , C 2 , C 3 , D 1 , D 2 , D 3 ] ,
Vars :: 0 . . i n f ,

A 1  +  A 2  +  A 3  $ =  2 0 0 ,
B 1  +  B 2  +  B 3  $ =  4 0 0 ,
C 1  +  C 2  +  C 3  $ =  3 0 0 ,
D 1  +  D 2  +  D 3  $ =  1 0 0 ,

A 1  +  B 1  +  C 1  +  D 1  $ = <  5 0 0 ,
A 2  +  B 2  +  C 2  +  D 2  $ = <  3 0 0 ,
A 3  +  B 3  +  C 3  +  D 3  $ = <  4 0 0 ,

O b j =  
1 0 * A 1  +  7 * A 2  +  1 1 * A 3  +
8 * B 1  +  5 * B 2  +  1 0 * B 3  +
5 * C 1  +  5 * C 2  +   8 * C 3  +
9 * D 1  +  3 * D 2  +   7 * D 3 .
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Mod e l l ing
W ith  I te r ator s and  A r r ay s
model(RowSums, C olSums, B oa r d) :-

di m(RowSums, [ M ]), %  g et  di men si on s
di m(C olSums, [ N ]),
di m(B oa r d, [ M ,N ]), %  ma k e v a r i a b les B oa r d[ 1 ..M ,1 ..N ] :: 0 ..1 , %  doma i n s
( f or (I ,1 ,M ), p a r a m(B oa r d,RowSums,N ) do %  r ow c st r

sum(B oa r d[ I ,1 ..N ]) # =  RowSums[ I ]
),
( f or (J ,1 ,N ), p a r a m(B oa r d,C olSums,M ) do %  c ol c st r

sum(B oa r d[ 1 ..M ,J ]) # =  C olSums[ J ]
). 
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Mod e l l ing
W ith  S tr u c tu r e s  and  P r e d ic ate s
:- loc a l st r uc t (t a sk (st a r t ,dur ,r esour c e,n a me)).

model(T a sk s) :-
…
T a sk 7  =  t a sk { st a r t :S7 ,dur :7 ,n a me:”r oof ”,r es:R3},
…
p r ec edes(T a sk 7 , T a sk 3),
…

p r ec edes(t a sk { st a r t :S1 ,dur :D }, t a sk { st a r t :S2 }) :-
S2  # > =  S1 + D 1 .



Con s t ra in t  Sol v er Lib ra ries

G l o b a l ,  o p t i m i s i n gL i n e a r  i n / e q u a l i t i e sr e a l ,  i n t e g e rep l ex

D o m a i n  p r o p a g a t i o nD i s / e q u a l i t y ,  a l l d i f f e r e n tu n o r d e r e d  s y m b o l ssd
B o u n d s / d o m a i n  
p r o p a g a t i o nD i s / e q u a l i t y ,  o r d e r i n g ,  e l e m e n t ,  …o r d e r e d  s y m b o l sic_ sy mbol ic

P a s s i v e  t e s tA r b i t r a r y  a r i t h m e t i c  i n / d i s / e q u a l i t i e s  n u m e r i csu sp end
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S e t  o p e r a t i o n s  ( s u b s e t ,  c a r d i n a l i t y ,  
u n i o n ,  …)s e t  o f  i n t e g e ric_ set s

v a r i o u sa n yI n h e r i t e dp rop ia

V i o l a t i o n  m o n i t o r i n go p e no p e nt ent at iv e

B o u n d s / d o m a i n  
p r o p a g a t i o n

N-a r y c o n s t r a i n t s  o v e r  l i s t s  o f  
i n t e g e r si n t e g e ric_ gl obal

B o u n d s / d o m a i n  
p r o p a g a t i o nA r b i t r a r y  a r i t h m e t i c  i n / d i s / e q u a l i t i e sr e a l ,  i n t e g e ric
D o m a i n  p r o p a g a t i o nL i n e a r  i n / d i s / e q u a l i t i e s  a n d  s o m e  

o t h e r si n t e g e r ,  s y m b o lf d
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S ol ve r s
S ol ving  w ith  F inite  D om ains
:- li b (i c ).
:- li b (b ran c h _ an d_ b ou n d).

solv e(Vars, C ost ) :-
model(Vars, O b j ),
C ost  # =  ev al(O b j ),
mi n i mi z e(searc h (Vars, 0 , f i rst _ f ai l, i n domai n _ sp li t , c omp let e, [ ] ), C ost ).

model(Vars, O b j ) :-
Vars =  [ A 1 , A 2 , A 3 , B 1 , B 2 , B 3 , C 1 , C 2 , C 3 , D 1 , D 2 , D 3 ] ,
Vars :: 0 . . i n f ,
A 1  +  A 2  +  A 3  $ =  2 0 0 ,
B 1  +  B 2  +  B 3  $ =  4 0 0 ,
C 1  +  C 2  +  C 3  $ =  3 0 0 ,
D 1  +  D 2  +  D 3  $ =  1 0 0 ,
A 1  +  B 1  +  C 1  +  D 1  $ = <  5 0 0 ,
A 2  +  B 2  +  C 2  +  D 2  $ = <  3 0 0 ,
A 3  +  B 3  +  C 3  +  D 3  $ = <  4 0 0 ,
O b j =  

1 0 * A 1  +  7 * A 2  +  1 1 * A 3  +
8 * B 1  +  5 * B 2  +  1 0 * B 3  +
5 * C 1  +  5 * C 2  +   8 * C 3  +
9 * D 1  +  3 * D 2  +   7 * D 3 .
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S ol ve r s
S ol ving  w ith  L ine ar  P r og r am m ing
:- li b (ep lex ).

solv e(Vars, C ost ) :-
model(Vars, O b j ),
ep lex _ solv er_ set u p (mi n (O b j )),
ep lex _ solv e(C ost ).

model(Vars, O b j ) :-
Vars =  [ A 1 , A 2 , A 3 , B 1 , B 2 , B 3 , C 1 , C 2 , C 3 , D 1 , D 2 , D 3 ] ,
Vars :: 0 . . i n f ,
A 1  +  A 2  +  A 3  $ =  2 0 0 ,
B 1  +  B 2  +  B 3  $ =  4 0 0 ,
C 1  +  C 2  +  C 3  $ =  3 0 0 ,
D 1  +  D 2  +  D 3  $ =  1 0 0 ,
A 1  +  B 1  +  C 1  +  D 1  $ = <  5 0 0 ,
A 2  +  B 2  +  C 2  +  D 2  $ = <  3 0 0 ,
A 3  +  B 3  +  C 3  +  D 3  $ = <  4 0 0 ,
O b j =  

1 0 * A 1  +  7 * A 2  +  1 1 * A 3  +
8 * B 1  +  5 * B 2  +  1 0 * B 3  +
5 * C 1  +  5 * C 2  +   8 * C 3  +
9 * D 1  +  3 * D 2  +   7 * D 3 .

≤ 5 0 0

≤ 30 0
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Com m on  A rit h m et ic  Sol v er I n t erfa c e
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S ol ve r s
T h e  r e al / inte g e r  d om ain s ol ve r  l ib ( ic )

D if f eren c es f rom a pl ain  f in ite d omain  sol v er:

� R eal -v al ued  v ariab l es
� I n teg ral ity is a c on strain t
� I n f in ite d omain s supported
� Sub sumes f in ite d omain  f un c tion al ity



S ol ve r s  – inte r val  s ol ve r  l ib ( ic )
T h e  b as ic  s e t of  c ons tr aints
T y p es

r ea ls(X s), i n t eg er s(Y s)
D omains

X  :: [ 1 ..5 ,8 ], Y  :: -0 .5 ..5 .0 , Z  :: 0 .0 ..i n f
N on-st rict  ineq u al it ies

X  # > =  Y , Y  # = <  Z , X  $ > =  Y , Y  $ = <  Z
S t rict  ineq u al it ies

X  # >  Y , Y  # <  Z , X  $ >  Y , Y  $ <  Z
E q u al it y  and diseq u al it y

X  # =  Y , Y  # \=  Z , X  $ =  Y , Y  $ \=  Z
E x p ressions

+  - * /  ^  a b s sq r ex p  ln si n  c os mi n  ma x  sum ...

“#” const raint s imp ose int egral it y ,  “$” const raint s do not



S ol ve r s  – inte r val  s ol ve r  l ib ( ic )
P u r e  f inite  d om ain p r ob l e m

sudoku(Board) :-
di m (Board, [9 ,9 ]),
Board[1 ..9 ,1 ..9 ] :: 1 ..9 ,
( f or(I ,1 ,9 ), p aram (Board) do

al l di f f e re n t (Board[I ,1 ..9 ]),
al l di f f e re n t (Board[1 ..9 ,I ])

),
( m ul t i f or([I ,J ],1 ,9 ,3 ), p aram (Board) do

( m ul t i f or([K ,L ],0 ,2 ), p aram (Board,I ,J ), f ore ac h (X ,Sub Sq uare ) do
X  i s Board[I + K ,J + L ]

),
al l di f f e re n t (Sub Sq uare )

),
l ab e l i n g (Board).
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C P  f u nc tional ity  – l ib r ar y ( ic )
Mix ing  inte g e r  and  c ontinu ou s  var iab l e s  
F ro m  rec t an g u l ar s h eet s  t h at  c o m e in  w id t h s  o f  5 0 ,  10 0  o r 20 0  c m ,  an d  l en g t h s  o f  

2, 3, 4  o r 5  m ,  b u il d  t h e s m al l es t  c y l in d er w it h  at  l eas t  2 m 3 v o l u m e [ A& W ] :
cylinder(W,  L ,  V ) :-

W :: [ 5 0 ,  1 0 0 ,  2 0 0 ], %  w idt h  in cm
L  :: 2 . . 5 , %  leng t h  in m
V  $ >=  2 . 0 , %  m in v o lu m e
V  $ =  (W/ 1 0 0 )* (L ^ 2 / (4 * p i)),
m inim iz e(la b eling ([ W, L ]),  V ).

?- cylinder(W,  L ,  V ).
F o u nd a  s o lu t io n w it h  co s t  2 . 5 4 6 4 7 9 0 8 9 4 7 0 3 2 5 _ _ 2 . 5 4 6 4 7 9 0 8 9 4 7 0 3 2 6
F o u nd no  s o lu t io n w it h  co s t  2 . 5 4 6 4 7 9 0 8 9 4 7 0 3 2 5  . .  1 . 5 4 6 4 7 9 0 8 9 4 7 0 3 2 6
W =  2 0 0
L  =  4
V  =  2 . 5 4 6 4 7 9 0 8 9 4 7 0 3 2 5 1 _ _ 2 . 5 4 6 4 7 9 0 8 9 4 7 0 3 2 6
T h ere a re 6  dela yed g o a ls .
Y es  (0 . 0 0 s  cp u ) Cond it iona l  s ol u t ion

D u e  t o l im it e d  p r e c is ion

“B ou nd e d  r e a l ” r e s u l t



� F in d  th e in tersec tion  of  tw o c irc l es

X  =  X { -1 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 2  .. 2 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3}
Y  =  Y { -1 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 2  .. 2 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3}

T h er e a r e 1 2  dela y ed g oa ls.
Y es

C P  f u nc tional ity  – l ib r ar y ( ic )
C ontinu ou s  var iab l e s  

?- 4  $ =  X ^ 2  +  Y ^ 2 ,
4  $ =  (X  - 1 )^ 2  +  (Y  - 1 )̂ 2 ).



C P  f u nc tional ity  – l ib r ar y ( ic )
I s ol ating  s ol u tions  via s e ar c h
?- 4  $ =  X ^ 2  +  Y ^ 2 ,

4  $ =  (X  - 1 )^ 2  +  (Y  – 1 )^ 2 ,
lo ca t e([ X ,  Y ],  1 e-5 ).

X  =  X { -0 . 8 2 2 8 7 5 6 6 0 3 5 5 2 7 0 8 2  . .  -0 . 8 2 2 8 7 5 6 4 4 8 4 8 1 9 9 }
Y  =  Y { 1 . 8 2 2 8 7 5 6 4 4 8 4 8 1 9 9 3  . .  1 . 8 2 2 8 7 5 6 6 0 3 5 5 2 7 0 5 }

T h ere a re 1 2  dela yed g o a ls .
M o re ? ;

X  =  X { 1 . 8 2 2 8 7 5 6 4 4 8 4 8 1 9 9 3  . .  1 . 8 2 2 8 7 5 6 6 0 3 5 5 2 7 0 5 }
Y  =  Y { -0 . 8 2 2 8 7 5 6 6 0 3 5 5 2 7 0 8 2  . .  -0 . 8 2 2 8 7 5 6 4 4 8 4 8 1 9 9 }

T h ere a re 1 2  dela yed g o a ls .
Y es



C P  f u nc tional ity  – l ib r ar y ( ic )
C ontinu ou s  p r ob l e m s  w ith  f e as ib l e  r e g ions

� F in d  th e in tersec tion  of  tw o d isc s an d  a h al f -
pl an e

?- 4  $ > =  X ^ 2  +  Y ^ 2 ,
4  $ > =  (X  - 1 )̂ 2  +  (Y  – 1 )^ 2 ,
Y  $ > =  X .

Y  =  Y { -1 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 2  .. 2 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3}
X  =  X { -1 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 2  .. 2 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3}

T h er e a r e 1 3 dela y ed g oa ls.
Y es



C P  f u nc tional ity  – l ib r ar y ( ic )
T ig h te ning  b ou nd s  b y  s h aving

?- 4  $ > =  X ^ 2  +  Y ^ 2 ,
4  $ > =  (X  - 1 ) ^ 2  +  (Y  – 1 ) ^ 2 ,
Y  $ > =  X ,
s q u a s h ([ X ,  Y ] ,  1 e -5 ,  l i n ) .

X  =  X { -1 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 2  .. 1 .4 1 4 2 1 3 5 9 9 9 6 3 2 6 0 3 }
Y  =  Y { -0 .4 1 4 2 1 3 5 9 9 9 6 3 2 6 1 0 7  .. 2 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 }

T h e r e  a r e  1 3  d e l a y e d  g o a l s . 
Y e s



O v erv iew

� H ow  to mod el
� H ow  to use sol v ers
� H ow  to prototy pe c on strain ts
� H ow  to d o tree searc h
� H ow  to d o optimiz ation
� H ow  to b reak  sy mmetries
� H ow  to d o LS
� H ow  to use LP/ M I P
� H ow  to d o h y b rid s
� H ow  to v isual ise



U s e r -d e f ine d  C ons tr aints
U s ing  r e if ic ation
C o n n e c ti n g  p r i m i ti v e s  i n  r e i f i e d  f o r m ,  c o m b i n i n g  b o o l e an s :

# = < (X + 7 , Y , B 1 ), # = < (Y + 7 , X , B 2 ), B 1 + B 2  # > =  1 .

T he  s am e  w i th s y n tac ti c  s u g ar :

X + 7  # = <  Y   or   Y + 7  # = <  X .

C l e v e r  e x am p l e :

lex _ le(X s, Y s) :-
( f or ea c h (X ,X s), f or ea c h (Y ,Y s), f r omt o(1 ,B i ,B j ,1 ) do

B i  # =  (X  # <  Y  +  B j )
). 



U s e r -d e f ine d  c ons tr aints
G e ne r al is e d  P r op ag ation – l ib ( p r op ia)
A ge n e ric  a lgorithm to e x tra c t a n d  p rop a ga te  the  M S G  ( mos t 

s p e c if ic  ge n e ra lis a tion )  f rom d is j u n c tion s  [ L e P rov os t& W a lla c e ] .

S y n ta x : N onD et G oal infers  S p ec
c (1 ,2 ).  c (1 ,3).  c (3,4 ).   %  ex t en si on a l c on st r a i n t  sp ec

?- c (X ,Y ) i n f er s i c .
X  =  X { [ 1 , 3]}
Y  =  Y { 2  .. 4 }
T h er e i s 1  dela y ed g oa l.

?- c (X ,Y ) i n f er s i c , X  =  3.
Y  =  4
Y es.



U s e r -d e f ine d  c ons tr aints  - G e ne r al is e d  P r op
C ons tr u c tive  d is j u nc tion
?- [ A , B ] :: 1  .. 1 0 , (A  +  7  # = <  B  ;  B  +  7  # = <  A ) i n f er s i c .
A  =  A { [ 1  .. 3, 8  .. 1 0 ]}
B  =  B { [ 1  .. 3, 8  .. 1 0 ]}
T h er e i s 1  dela y ed g oa l.
Y es (0 .0 0 s c p u)
Note the difference with reification:

?- [ A , B ] :: 1  .. 1 0 ,  A  +  7  # = <  B  or  B  +  7  # = <  A .
A  =  A { 1  .. 1 0 }
B  =  B { 1  .. 1 0 }
T h er e a r e 3 dela y ed g oa ls.
Y es (0 .0 0 s c p u)



U s e r -d e f ine d  c ons tr aints  – G e ne r al is e d  P r op  
P r ototy p ing  A C  and  S A C  c ons tr aints
A r c co n s is t e n cy  f r o m  w e a k e r  co n s is t e n cy  ( t e s t ,  f o r w a r d  ch e ck in g )

ac _ c on st r(X s) :-
(

w e ak_ c on st r(X s),
de l e t e (X , X s, Ot h e rs),
i n dom ai n (X ),
on c e  l ab e l i n g (Ot h e rs)

) i n f e rs i c .

S in g l e t o n  a r c co n s is t e n cy  f r o m  a r c co n s is t e n cy :
sac _ c on st r(X s) :-

(
ac _ c on st r(X s),
m e m b e r(X , X s),
i n dom ai n (X )

) i n f e rs i c .



U s e r -d e f ine d  c ons tr aints  – G e ne r al is e d  P r op  
P r ototy p ing  c ons tr aints
O r someth in g  w eak er,
e. g .  f or c omb in in g  c on strain ts.

E. g .  a c on strain t f or sud ok u:

o v e r l a p p i n g _ a l l d i f f e r e n t (X s ,  Y s ,  X Y s )  : -
(

a l l d i f f e r e n t (X s ) ,  a l l d i f f e r e n t (Y s ) ,
l a b e l i n g (X Y s )  

)  i n f e r s  i c .



U s e r -d e f ine d  c ons tr aints  – G e ne r al is e d  P r op  
G r ap h / au tom aton m e th od
� B e l d ice a n u e t  a l ,  2 0 0 4 :

D e r iv in g  F il t e r in g  A l g o r it h m s  f r o m  C o n s t r a in t  C h e ck e r s

g l ob al _ c on t i g ui t y (X s) :-
St at e En d :: 0 ..2 ,
(

f rom t o(X s, [X | X s1 ], X s1 , []),
f rom t o(0 , St at e I n , St at e Out , St at e En d)

do
(

St at e I n = 0 , (X  = 0 , St at e Out = 0  ; X  = 1 , St at e Out = 1  )
;
St at e I n = 1 , (X  = 0 , St at e Out = 2  ; X  = 1 , St at e Out = 1  )
;
St at e I n = 2 , X  = 0 , St at e Out = 2

) i n f e rs ac
).

0

1

E nd

2

Xi =  0
Xi =  1

Xi =  1
Xi =  0



U s e r -d e f ine d  c ons tr aints  – G e ne r al is e d  P r op  
G r ap h / au tom aton m e th od  ( I I )
i n f lex i on (N , X s) :-

S t at eE n d :: 0 . . 2 ,
(

f romt o(X s, [ X 1 ,X 2 | X s1 ] , [ X 2 | X s1 ] , [ _ ] ),
f oreac h (N i n c , N i n c s),
f romt o(0 , S t at eIn , S t at eO u t , S t at eE n d)

do
(X 1  # <  X 2 ) # =  (S i g # =  1 ),
(X 1  # =  X 2 ) # =  (S i g # =  2 ),
(X 1  # > X 2 ) # =  (S i g # =  3 ),
( S t at eIn =  0 ,

( S i g = 1 , N i n c = 0 , S t at eO u t = 1
; S i g = 2 , N i n c = 0 , S t at eO u t = 0
; S i g = 3 , N i n c = 0 , S t at eO u t = 2  )

; S t at eIn =  1 ,
( S i g = 1 , N i n c = 0 , S t at eO u t = 1
; S i g = 2 , N i n c = 0 , S t at eO u t = 1
; S i g = 3 , N i n c = 1 , S t at eO u t = 2  )

; S t at eIn =  2 ,
( S i g = 1 , N i n c = 1 , S t at eO u t = 1
; S i g = 2 , N i n c = 0 , S t at eO u t = 2
; S i g = 3 , N i n c = 0 , S t at eO u t = 2  )

) i n f ers ac
),
N  # =  su m(N i n c s).

0

2

E n d

1

Xi+ 1= Xi
Xi+ 1< Xi

Xi+ 1= < Xi Xi+ 1>= Xi

Xi+ 1>Xi
Xi+ 1< Xi

Xi+ 1>Xi

n : = 0

n + +

n + +



U s e r -d e f ine d  c ons tr aints
U s ing  l ow -l e ve l  p r im itive s
P r i m i ti v e s  f o r  i m p l e m e n ti n g  p r o p ag ato r s :

� G o al  s u s pen d /w ak e m ec h an is m
� V ariab l e-rel at ed  t rig g ers
� E x ec u t io n  prio rit ies
� So l v er’s  ref l ec t io n  prim it iv es

E . g .  b o u n d s -c o n s i s te n t g r e ate r -e q u al :
g e(X ,  Y ) :-

( v a r(X ), v a r(Y ) ->
s u s p end(g e(X , Y ), 3 , [ X ->ic:m a x , Y ->ic:m in])

;
t ru e

),
g et _ m a x (X ,  X H ),
g et _ m in(Y ,  Y L ),
im p o s e_ m in(X ,  Y L ),
im p o s e_ m a x (Y ,  X H ).

X  > =  Y



U s e r -d e f ine d  c ons tr aints
S ing l e -p r op ag ator  m ax -c ons tr aint

my max (A , B , M ):-
g et _ b ou n ds(A , M i n A , M ax A ),
g et _ b ou n ds(B , M i n B , M ax B ),
g et _ b ou n ds(M , M i n M , M ax M ),
( M i n A >=  M ax B ->

A  =  M
; M i n B >=  M ax A ->

B  =  M
; M i n M > M ax B ->

A  =  M
; M i n M > M ax A ->

B  =  M
;

M ax  i s max (M ax A , M ax B ),
M i n  i s max (M i n A , M i n B ),
i mp ose_ b ou n ds(M , M i n , M ax ), 
i mp ose_ max (A , M ax M ),
i mp ose_ max (B , M ax M ),
Vars =  [ A ,B ,M ] ,
( n on g rou n d(2 , Vars, _ ) ->

su sp en d(my max (A , B , M ), 3 , [ Vars->i c :max ,Vars->i c :mi n ] )
;

t ru e
)

).
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Ex p l orin g  s ea rc h  s p a c es
C L P  T r e e  s e ar c h:
• c ons t r u c t iv e
• p a r t ia l / t ot a l  a s s ig nm e nt s
• s y s t e m a t ic
• c om p l e t e  or  inc om p l e t e

“L o c al ” s e ar c h:
• m ov e -b a s e d  (t r a j e c t or ie s )
• onl y  t ot a l  a s s ig nm e nt s
• u s u a l l y  r a nd om  e l e m e nt
• inc om p l e t e

p a r t i a l  a s s i g n m e n t s



T r e e  S e ar c h
L ab e l ing h e u r is tic s
F o r f in it e d o m ain s ,  c o m m o n  h eu ris t ic s  are pro v id ed  b y  b u il t -in :

search(List,  V arI n d ex ,  V arS el ect,  V al S el ect,  S earchM etho d ,  O p tio n s)

Bu t  o f t en  u s er-pro g ram m ed ,  e. g .  m o s t  b as ic :
l ab e l i n g (A l l V ars) :-

( f ore ac h (V ar, A l l V ars) do
i n dom ai n (V ar) %  c h oi c e  h e re

).
E x t en d s  in t o  s c h em a f o r f u rt h er h eu ris t ic s :

l ab e l i n g (A l l V ars) :-
st at i c _ p re orde r(A l l V ars, Orde re dV ars),
( f rom t o(Orde re dV ars, V ars, Re st V ars, []) do

se l e c t _ v ari ab l e (X , V ars, Re st V ars),
se l e c t _ v al ue (X , V al ue ), %  c h oi c e  h e re
X  = V al ue

).



T r e e  S e ar c h
S y m b ol ic  m anip u l ation f or  h e u r is tic s
� S tan d ar d  he u r i s ti c s  p r e d e f i n e d  ( f i r s t-f ai l  e tc )
� P r o b l e m -s p e c i f i c  he u r i s ti c s  p r o g r am m ab l e  v i a r e f l e c ti o n  an d  s y m b o l i c  

m an i p u l ati o n  f e atu r e s  o f  the  C L P  l an g u ag e

E . g .  f i n d  v ar i ab l e  w i th m ax i m u m  c o e f f i c i e n t i n  a s y m b o l i c  e x p r e s s i o n :

:- li b (li n ea r i z e).

f i n d_ ma x _ wei g h t _ v a r i a b le(O b j ec t i v eE x p r , X ) :-
li n ea r i z e(O b j ec t i v eE x p r , [ _ | M on omi a ls], _ ),
sor t (1 , > , M on omi a ls, [ M a x C oef f *X | _ O t h er s]).



T r e e  S e ar c h
P r e d e f ine d  inc om p l e te  s tr ate g ie s  ( 1 )
s e ar c h( L i s t,  V ar I n d e x ,  V ar S e l e c t,  V al S e l e c t,  S e ar c hMe tho d ,  O p ti o n s )

B o u n d e d -b ac k tr ac k  s e ar c h:

D e p th-b o u n d e d ,  the n  b o u n d e d -b ac k tr ac k  s e ar c h:



T r e e  S e ar c h
P r e d e f ine d  inc om p l e te  s tr ate g ie s  ( 2 )

C r e d i t-b as e d  s e ar c h:

L i m i te d  D i s c r e p an c y  S e ar c h:



T r e e  S e ar c h
L im ite d  D is c r e p anc y  S e ar c h

U s e r -d e f i n e d  L D S  s tr ai g htf o r w ar d  to  p r o g r am :

lds_labeling(AllVars,  Max Di sc ) : -
( f ro m t o (Vars,  Vars,  R est Vars,  [ ] ),

f rom t o(Max Di sc , Di sc , Re m Di sc , _ )
do

selec t _v ariable(X ,  Vars,  R est Vars),
on c e selec t _v alu e(X ,  Valu e),
(

X  = V al ue , Re m Di sc = Di sc
;

Di sc  >  0 , Re m Di sc i s Di sc -1 , X  #\= V al ue , i n dom ai n (X )
)

).



T r e e  s e ar c h
I ns tr u m e ntation,  e . g .  c ou nting  b ac k tr ac k s
:- lo ca l v a ria b le(b a ck t ra ck s ),  v a ria b le(deep _ f a il).
co u nt _ b a ck t ra ck s :-

s et v a l(deep _ f a il,  f a ls e).
co u nt _ b a ck t ra ck s :-

g et v a l(deep _ f a il,  f a ls e),
s et v a l(deep _ f a il,  t ru e),
incv a l(b a ck t ra ck s ),
f a il.

la b eling (A llV a rs ) :-
( f o rea ch (V a r,  A llV a rs ) do

co u nt _ b a ck t ra ck s ,  %  b ef o re ch o ice
indo m a in(V a r)

).

Properties:
• S h a l l ow  b a c k tra c k in g  is 
n ot c ou n ted
• Perf ec t h eu ristic s l ea d s 
to b a c k tra c k s =  0
• E a sy  to in sert in  sea rc h



T r e e  s e ar c h
H ow  to S h ave

F or  f init e  d om a ins :
sh a v e(X ) :-

f i n da ll(X , i n doma i n (X ), V a lues),
X  :: V a lues.

E . g .  s u d ok u s ol v a b l e  w it h  a c -a l l d if f e r e nt a nd  s h a v ing  – no d e e p  s e a r c h  ne e d e d  [ S im onis ] .
F or  c ont inu ou s  v a r ia b l e s ,  w e  s h a v e  of f  r e g ions  f r om  t h e  b ou nd s  a nd  it e r a t e  u nt il  f ix p oint :

sq ua sh (X s, P r ec i si on , L i n L og ) :-
…
( X  $ > =  Sp li t  ->  t r ue ;  X  $ = <  Sp li t  ),
…
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S e ar c h
O p tim iz ation

� B ranch -and-bou nd met h od
f ind ing  t h e  b e s t  of  m a ny  s ol u t ions
w it h ou t  c h e c k ing  t h e m  a l l

:- l i b ( b r a n c h _ a n d _ b o u n d ).

� S t rat egies:
Cont inu e  – a f t e r  s ol u t ion,  c ont inu e  w it h  ne w  b ou nd
R e s t a r t  - a f t e r  s ol u t ion,  r e s t a r t  w it h  ne w  b ou nd
D ic h ot om ic – s e a r c h  b y  p a r t it ioning  t h e  c os t  s p a c e

� O t h er op t ions:
I nit ia l  c os t  b ou nd s  (if  k now n)
M inim u m  im p r ov e m e nt  (a b s ol u t e / p e r c e nt a g e ) b e t w e e n s ol u t ions
T im e ou t s

� B ranch -and-bou nd met h od
f ind ing  t h e  b e s t  of  m a ny  s ol u t ions
w it h ou t  c h e c k ing  t h e m  a l l

:- l i b ( b r a n c h _ a n d _ b o u n d ).

� S t rat egies:
Cont inu e  – a f t e r  s ol u t ion,  c ont inu e  w it h  ne w  b ou nd
R e s t a r t  - a f t e r  s ol u t ion,  r e s t a r t  w it h  ne w  b ou nd
D ic h ot om ic – s e a r c h  b y  p a r t it ioning  t h e  c os t  s p a c e

� O t h er op t ions:
I nit ia l  c os t  b ou nd s  (if  k now n)
M inim u m  im p r ov e m e nt  (a b s ol u t e / p e r c e nt a g e ) b e t w e e n s ol u t ions
T im e ou t s



S e ar c h
O p tim iz ation
� S earch  code f or al l  ( or many ) sol u t ions can simp l y  be w rap p ed int o 
t h e op t imisat ion p rimit iv e:

set up _ c on st r a i n t s(V a r s),
b b _ mi n ( la b eli n g (V a r s), C ost , O p t i on s)

� T h e branch -and-bou nd rou t ine is sol v er indep endent
� F init e  a nd  c ont inu ou s  d om a ins
� L P / M I P
� L oc a l  S e a r c h



T r e e  S e ar c h
O p tim iz ation w ith  L P  s ol ve r
:- l i b (e p l e x ), l i b (b ran c h _ an d_ b oun d).

m ai n  :- ...
< se t up  c on st rai n t s>
I n t V ars = < v ari ab l e s t h at  sh oul d t ake  i n t e g ral  v al ue s> ,
Ob j e c t i v e  = < ob j e c t i v e  f un c t i on > ,
...
Ob j e c t i v e  $ = C ost V ar,
e p l e x _ sol v e r_ se t up (m i n (Ob j e c t i v e ), C ost V ar, [], [b oun ds]),
...
b b _ m i n ( m i p _ se arc h (I n t V ars), C ost V ar, _ ).

m i p _ se arc h (I n t V ars) :-
...
e p l e x _ v ar_ g e t (X , sol ut i on , Re l ax e dSol ),
Sp l i t  i s f l oor(Re l ax e dSol ),
( X  $ =<  Sp l i t ) ; X  $ > = Sp l i t + 1  ), %  c h oi c e
...
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Sy m m et ry  B rea k in g

ECLiPSe c urren tl y  c omes w ith  3  l ib raries w h ic h  impl emen t 
SB D S an d  SB D D  sy mmetry  b reak in g  tec h n iq ues:

� l ib ( ic _ sb d s)
� l ib ( ic _ g ap_ sb d s)
� l ib ( ic _ g ap_ sb d d )

T h e l ast tw o in terf ac e to th e G A P sy stem ( w w w . g ap-
sy stem. org ) f or th e g roup th eoretic  operation s.



S y m m e tr y  B r e ak ing
w ith  l ib ( ic _ s b d s )
q ue e n s(Board) :-

…
sb ds_ i n i t i al i se (Board, 2 ,

[r9 0 (Board, N), r1 8 0 (Board, N), r2 7 0 (Board, N),
rx (Board, N), ry (Board, N), rd1 (Board, N), rd2 (Board, N)],

#=, []),
se arc h (Board, 0 , i n p ut _ orde r, sb ds_ i n dom ai n , sb ds, []).

r9 0 (Mat ri x , N, [I ,J ], V al ue , Sy m V ar, Sy m V al ue ) :- %  9 0  de g  rot at i on
Sy m V ar i s Mat ri x [J , N +  1  - I ],
Sy m V al ue i s V al ue .

…
rd2 (Mat ri x , N, [I ,J ], V al ue , Sy m V ar, Sy m V al ue ) :- %  d2  re f l e c t i on

Sy m V ar i s Mat ri x [N +  1  - J , N +  1  - I ],
Sy m V al ue i s V al ue .



S y m m e tr y  B r e ak ing
w ith  l ib ( ic _ g ap _ s b d s )

q ue e n s(Board) :-
. . .
sb ds_ i n i t i al i se (Board, [row s,c ol s], v al ue s:0 ..1 ,

[sy m m e t ry (s_ n , [row s], []), sy m m e t ry (s_ n , [c ol s], [])],
[]),

se arc h (F i e l ds, 0 , i n p ut _ orde r, sb ds_ i n dom ai n , sb ds, []).

U s es  c o m pac t  s y m m et ry  ex pres s io n s  [ H arv ey  et  al ,  Sy m Co n ,  CP ’0 3]

s _ n in d ex  perm u t at io n  in  1 d im en s io n
c y c l e in d ex  ro t at io n  in  1 d im en s io n
rev ers e in d ex  rev ers al  in  1 d im en s io n
r_ 4 ro t at io n  s y m m et ry  o f  t h e s q u are in  2 d im en s io n s
d _ 4 f u l l  s y m m et ry  o f  t h e s q u are in  2 d im en s io n s
g ap_ g ro u p( F )
f u n c t io n ( F )
t ab l e( T )
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T r e e  S e ar c h
W ith  L oc al  S e ar c h  F l avou r
� E .g. S h u f f l e S earch

t r e e  s e a r c h  w it h in s u b t r e e s
“l oc a l  m ov e s ” b e t w e e n t r e e s ,  p r e s e r v ing  p a r t  of  t h e  p r e v iou s  s ol u t ion’s  

v a r ia b l e  a s s ig nm e nt s

� Pesant &  G endreau ,  N eigh bou rh ood M odel s



T r e e  S e ar c h  w ith  L oc al  S e ar c h  F l avou r  
R e s tar t w ith  s e e d s ,  h e u r is tic s ,  l im its
J o b s h o p ex am pl e ( appro x im at io n  al g o rit h m  b y  Bapt is t e/LeP ape/N u ij t en )

i n i t _ memory (M emory ),
b b _ mi n ((

( n o_ rememb ered_ v alu es(M emory ) ->
on c e b ln _ lab eli n g (c , R esou rc es, T ask s), %  f i n d a f i rst  solu t i on
rememb er_ v alu es(M emory , R esou rc es, P )

;
sc ale_ dow n (P , P L i mi t , P F ac t or, P rob ab i li t y ), %  w i t h  dec reasi n g  p rob ab i li t y
memb er(H eu ri st i c , H eu ri st i c s), %  t ry  sev eral h eu ri st i c s
rep eat (N ), %  sev eral t i mes
li mi t _ b ac k t rac k s(N B ), %  sp en di n g  li mi t ed ef f ort
i n st all_ some_ rememb ered_ v alu es(M emory , R esou rc es, P rob ab i li t y ),
b b _ mi n (

b ln _ lab eli n g (H eu ri st i c , R esou rc es, T ask s),
E n dD at e,
b b _ op t i on s{ st rat eg y :di c h ot omi c }

),
rememb er_ v alu es(M emory , R esou rc es, P rob ab i li t y )

)
),
E n dD at e, T ask s, T ask sS ol, E n dA p p rox ,
b b _ op t i on s{ st rat eg y :rest art }

).



L oc al  S e ar c h
l ib ( te ntative )
� T ent at iv e v al u es

X ::1 ..5 , X  t en t _ set 3
I n a d d it ion t o ot h e r  a t t r ib u t e s  (e . g .  d om a in).
T e nt a t iv e  v a l u e  c a n b e  c h a ng e d  f r e e l y  (u nl ik e  d om a in)
Cor r e s p ond s  t o inc r e m e nt a l  v a r ia b l e s  in Com e t

� D at a-driv en comp u t at ion w it h  t ent at iv e v al u es
S u s p e nd  u nt il  t e nt a t iv e  v a l u e  c h a ng e s ,  t h e n e x e c u t e

� C onst raint s
M onit or e d  f or  d e g r e e  of  v iol a t ion,  a s s u m ing  t e nt a t iv e  v a l u e s

� I nv ariant s
Z  t en t _ i s X + Y

U p d a t e  t e nt a t iv e  v a l u e  of  Z  whenever t e nt a t iv e  v a l u e  of  X or  Y  c h a ng e s  (a u t om a t ic  a nd  inc r e m e nt a l )



L oc al  S e ar c h
l ib ( te ntative )
C o n s tr ai n t m o d e l  [ C o m e t] :

:- li b (t en t at i v e_ c on st rai n t s).
q u een s(N , B oard) :-

dim(Board,  [ N ] ), %  mak e  v ariab l e s
t en t _ set _ ran dom(B oard, 1 . . N ), %  i n i t  t en t at i v e v alu es
dim(P os ,  [ N ] ), %  au x  array s  of  c on s t an t s
( f ore ac h arg (I, P os ),  f or(I, 0 , N -1 ) do t ru e  ),
dim(N e g ,  [ N ] ),
( f ore ac h arg (I, N e g ),  f or(I, 0 , -N + 1 , -1 ) do t ru e  ),

C S  :~  alldi f f eren t (B oard), %  set u p  c on st rai n t s . . .
C S  :~  alldi f f eren t (B oard, P os), %  . . .  i n  c on f li c t  set  C S
C S  :~  alldi f f eren t (B oard, N eg ),
c s _ v iol at ion s (C S ,  T ot al V iol at ion ), %  s e arc h  p art
st eep est (B oard, N , T ot alVi olat i on ),
t e n t _ f ix (Board). %  in s t an t iat e  v ariab l e s



L oc al  S e ar c h
l ib ( te ntative )
S e ar c h r o u ti n e :

st eep est (B oard, N , Vi olat i on s) :-
v s _ c re at e (Board,  V ars ), %  c re at e  v ariab l e  s e t
V iol at ion s  t e n t _ g e t V 0 , %  in it ial  v iol at ion s
S amp l e S iz e is  f ix (s q rt (N )), %  n e ig h b ou rh ood s iz e
(

f romt o(V0 ,_ V1 ,V2 ,0 ), %  u n t i l n o v i olat i on s lef t
p aram(V ars , N , S amp l e S iz e , V iol at ion s )

do
v s_ w orst (Vars, X ), %  g et  a most  v i olat ed v ari ab le
t en t _ mi n i mi z e_ ran dom( %  f i n d a b est  n ei g h b ou r

( %  n on det ermi n i st i c  mov e g en erat or
ran dom_ samp le(1 . . N ,S amp leS i z e,I),
X  t en t _ set I

),
V iol at ion s , %  v iol at ion  v ariab l e
I %  b e s t  mov e -id

),
X  t en t _ set I, %  do t h e mov e
V iol at ion s  t e n t _ g e t V 2 %  n e w  v iol at ion s

).



O v erv iew

� H ow  to mod el
� H ow  to use sol v ers
� H ow  to prototy pe c on strain ts
� H ow  to d o tree searc h
� H ow  to d o optimiz ation
� H ow  to b reak  sy mmetries
� H ow  to d o Loc al  Searc h
� H ow  to use LP/ M I P
� H ow  to d o h y b rid s
� H ow  to v isual ise



Math e m atic al  P r og r am m ing
S ol ving  w ith  L ine ar  P r og r am m ing
:- li b (ep lex ).

solv e(Vars, C ost ) :-
model(Vars, O b j ),
ep lex _ solv er_ set u p (mi n (O b j )),
ep lex _ solv e(C ost ).

model(Vars, O b j ) :-
Vars =  [ A 1 , A 2 , A 3 , B 1 , B 2 , B 3 , C 1 , C 2 , C 3 , D 1 , D 2 , D 3 ] ,
Vars :: 0 . . i n f ,
A 1  +  A 2  +  A 3  $ =  2 0 0 ,
B 1  +  B 2  +  B 3  $ =  4 0 0 ,
C 1  +  C 2  +  C 3  $ =  3 0 0 ,
D 1  +  D 2  +  D 3  $ =  1 0 0 ,
A 1  +  B 1  +  C 1  +  D 1  $ = <  5 0 0 ,
A 2  +  B 2  +  C 2  +  D 2  $ = <  3 0 0 ,
A 3  +  B 3  +  C 3  +  D 3  $ = <  4 0 0 ,
O b j =  

1 0 * A 1  +  7 * A 2  +  1 1 * A 3  +
8 * B 1  +  5 * B 2  +  1 0 * B 3  +
5 * C 1  +  5 * C 2  +   8 * C 3  +
9 * D 1  +  3 * D 2  +   7 * D 3 .

≤ 5 0 0

≤ 30 0

≤ 4 0 0

20 0

10 0

4 0 0

30 0

10
89

7
5

11

5

3
5

10
8

7

P l an t
c apac it y

Cl ien t
d em an d

T ran s po rt at io n
c o s t

A

B

C

D

1

2

3



Math e m atic al  P r og r am m ing  
F e atu r e s  of  e p l e x
� Support f or: CO I N / O SI ,  CPLEX ,  X press M P
� LP,  M I P,  Q P,  M I Q P as supported  b y  th e sol v er
� A d d in g  c on strain ts an d  resol v in g  prob l em ( remov e 

c on strain ts on  b ac k trac k in g )
� D ata d riv en / ev en t trig g erin g  of  sol v er
� En c apsul ated  mod if ic ation s of  prob l em
� M ul tipl e prob l em in stan c es
� O ption s to sol v er,  e. g .  c h an g in g  sol v in g  meth od ,  

presol v e,  time-outs…
� Support f or c ol umn  g en eration  
� Cut pool s



Math e m atic al  P r og r am m ing  
E nc ap s u l ate d  m od if ic ations :  e p l e x _ p r ob e
� A l l ow  prob l em to b e mod if ied  temporaril y  an d  ( re)sol v ed

C h ange/ p ert u rb obj ect iv e
C h ange v ariabl e bou nds,  R H S  coef f icient s,
R el ax  int egers const raint s….

� M od if ic ation  is en c apsul ated  in to th e prob e pred ic ate,  
e. g .
W h at  if  t h e t ransp ort at ion cost  f rom p l ant  1  t o w areh ou se A  is 
increased f rom 1 0  t o 2 0 ?

��
e p l e x _ p r o b e ( [ p e r t u r b _ o b j ( [ A 1 :1 0 ] )] ,  N e w C o s t )

��������
e p l e x _ p r o b e ( [ m i n ( 2 0 * A 1 + 7 * A 2 + 1 1 * A 3  . . . )] ,  N e w C o s t )



O v erv iew

� H ow  to mod el
� H ow  to use sol v ers
� H ow  to prototy pe c on strain ts
� H ow  to d o tree searc h
� H ow  to d o optimiz ation
� H ow  to b reak  sy mmetries
� H ow  to use LP/ M I P
� H ow  to d o LS
� H ow  to d o h y b rid s
� H ow  to v isual ise



Sol v in g  a  Prob l em  w it h  M u l t ip l e Sol v ers
� R eal  prob l ems c omprise d if f eren t sub prob l ems

D if f erent  sol v ers/ al gorit h ms su it  dif f erent  su bp robl ems
� G l ob al  reason in g  c an  b e ac h iev ed  in  d if f eren t w ay s

Linear sol v ers reason gl obal l y  on l inear const raint s
D omain sol v ers su p p ort  ap p l icat ion-sp ecif ic gl obal  
const raint s

� Sol v ers c ompl emen t eac h  oth er
O p t imisat ion v ersu s f easibil it y
N ew  and adap t ed f orms of  coop erat ion 
( e.g. Linear rel ax at ion as a h eu rist ic)



Co-op era t in g  Sol v ers  in  ECLiPSe

� M od el l in g  of  d if f eren t ( sub )prob l ems f or d if f eren t sol v ers 
c an  use th e same l og ic al  v ariab l es:

ic:  ( X  # > =  3 ) ,  e p l e x :  ( X  +  Y  $ = <  3 . 0 )

� Common  Sol v er I n terf ac e – same sy n tax  f or c on strain ts 
in  d if f eren t sol v ers

ic:  ( X  $ = <  3 ) ,  e p l e x :  ( Y  $ = <  3 )
[ic,  e p l e x ] :  ( X  +  Y  $ = : =  Z  +  3 )
S o l v e r :  ( X + Y  $ > =  3 )



Ex a m p l e:  B rid g e Sc h ed u l in g  Prob l em

� Lin ear prec ed en c e +  d istan c e c on strain ts ( min / max  time 
b etw een  task s)

� N on -l in ear resourc e usag e c on strain ts: n on ov erl ap of  
task s usin g  th e same resourc e

� F in d  optimal  sol ution  ( min imise)
� H y b rid  sol ution  f or prob l em usin g  prob e b ac k trac k  

searc h  – n ote real  prob l ems th at b en ef its f rom h y b rid  w il l  
b e more c ompl ic ated .



I g nor e  h a r d  c ons t r a int s
I n s u b p r ob l e m
(nonov e r l a p )
M onit or  h a r d  c ons t r a int s
f or  v iol a t ion

P r ob l e m

Prob e B a c k t ra c k  Sea rc h

s u b p r ob l e m
S ol v e  s u b p r ob l e m w it h  p r ob e
(l ine a r  s ol v e r )

Conf l ic t ing  c ons t r a int s
f or  m a in p r ob l e m
(m onit or e d )

a d d  c ons t r a int  t o s u b p r ob l e m
t o r e s ol v e  one  c onf l ic t
(r e m ov e  ov e r l a p )r e s ol v e  s u b p r ob l e m w it h

a d d e d  c ons t r a int s
M or e  t h a n one  w a y  t o r e s ol v e  c ons t r a int  ->s e a r c h



Prob e B a c k t ra c k  

� U se a “p robe” t o sol v e a su bp robl em of  t h e f u l l  p robl em. 
S u b p r ob l e m c a n b e  a  p r ob l e m  c l a s s  s u it a b l e  f or  s p e c ia l is e d  s ol v e r

� C onst raint s not  sent  t o su bp robl em are monit ored f or v iol at ion
� S ol u t ion v al u es f rom p robe u sed as t ent at iv e sol u t ion v al u es f ormain p robl em
� I f  no monit ored const raint s are v iol at ed,  w e h av e a f easibl e sol u t ion t o main p robl em,  ot h erw ise:
� R ep air sol u t ion by  sel ect ing a v iol at ed const raint ,  and add const raint s t o su bp robl em t o remov e t h e v iol at ion,  sol v e su bp robl emagain. 

a d d e d  c ons t r a int s  a r e  s p e c ia l is e d  v e r s ion of  t h e  v iol a t e d  c ons t r a int ,  s u it a b l e  f or  s u b p r ob l e m .  
T h e r e  m a y  b e  > 1 w a y  t o r e m ov e  v iol a t ion – c h oic e

� U se branch  and bou nd search  t o obt ain op t imal  sol u t ion.



B rid g e Prob l em :  Prob e B a c k t ra c k  

� Prob e w ith  epl ex : M P sol v er f or l in ear prob l em
� Sub prob l em is prob l em w ith out th e n on -l in ear 

n on ov erl ap c on strain t
� R epair a v iol ated  c on strain t b y  push in g  apart ov erl appin g  

task  pairs th at use th e same resourc e:

S 1

S 2

D 1
D 2



B rid g e Prob l em :  Prob e B a c k t ra c k  

� Prob e w ith  epl ex : M P sol v er f or l in ear prob l em
� Sub prob l em is prob l em w ith out th e n on -l in ear 

n on ov erl ap c on strain t
� R epair a v iol ated  c on strain t b y  push in g  apart ov erl appin g  

task  pairs th at use th e same resourc e:

S 1

S 2

D 1
D 2

T a s k 1 b e f or e  T a s k 2



B rid g e Prob l em :  Prob e B a c k t ra c k  

� Prob e w ith  epl ex : M P sol v er f or l in ear prob l em
� Sub prob l em is prob l em w ith out th e n on -l in ear 

n on ov erl ap c on strain t
� R epair a v iol ated  c on strain t b y  push in g  apart ov erl appin g  

task  pairs th at use th e same resourc e:

S 1

S 2

D 1
D 2

T a s k 2 b e f or e  T a s k 1



I n form a t ion  t ra n s fer

I C
Finite domain

L inear  c ons tr aints

E P L E X
C ontinu ou s  

L inear  c ons tr aints

T E N T A T I V E
N on-l inear  ( monitor ed)

S u b p r o b l e m s o l u t io n  v a l u e sL in e a r  p r e ce d e n ce  co n s t r a in t s

V a r ia b l e  b ou nd s

B r a nc h  &  B ou nd
S e a r c h



B rid g e Prob e B a c k t ra c k  Ex a m p l e
:- l i b (t e n t a t i v e ),  l i b (e p l e x ), l i b (i c ), l i b (b r a n c h _ a n d _ b o u n d ).
:- l o c a l  s t r u c t (t a s k (s t a r t , d u r a t i o n , n e e d , u s e )).
g o (E n d _ d a t e ) :-

T a s k s  =  [P A , ….] ,
P A  =  t a s k { d u r a t i o n : 0 ,  n e e d  : [] } ,
A 1  =  t a s k { d u r a t i o n : 4 ,  n e e d  : [P A ] ,  u s e  : e x c a v a t o r } ,

….
e n d _ t o _ e n d _ m a x (S 6 ,  B 6 ,  4 ),

….
e n d _ t o _ s t a r t _ m a x (A 6 ,  S 6 ,  3 ),

….
s t a r t _ t o _ s t a r t _ m i n (U E ,  S t a r t _ o f _ F ,  6 ),
e n d _ t o _ s t a r t _ m i n (E n d _ o f _ M ,  U A ,  -2 ),
t a s k s _ s t a r t s (T a s k s , S t a r t s ),
i c :i n t e g e r s (S t a r t s ),
(f o r e a c h (t a s k { s t a r t :S i , d u r a t i o n :_ D i , n e e d :N e e d e d T a s k s } ,  T a s k s ) d o
[i c , e p l e x ] :(S i $ >=  0 ),

),
(f o r e a c h (t a s k { s t a r t :S j , d u r a t i o n :D j } , N e e d e d T a s k s ),  p a r a m (S i ) d o

[i c , e p l e x ] :(S i $ >=  S j + D j ) )
),
t e n t _ s e t _ a l l (S t a r t s ,  0 ),
d i s j u n c t _ s e t u p (T a s k s ,  C S ),
e p l e x _ s o l v e r _ s e t u p (m i n (E n d _ d a t e ),  E n d _ d a t e ,  [s y n c _ b o u n d s (y e s )/ ] .  n e w _ c o n s t r a i n t ,  d e v i a t i n g _ b o u n d s ,  p o s t ( p o s t _ e p l e x _ s o l v e )] ),
m i n i m i z e ((

r e p a i r _ l a b e l (C S ),
t e n t _ f i x (S t a r t s ) ),  E n d _ d a t e ).

p o s t _ e p l e x _ s o l v e :-
e p l e x _ g e t (v a r s ,  V s ),
e p l e x _ g e t (t y p e d _ s o l u t i o n ,  V a l s ),
( f o r e a c h a r g (V , V s ),   f o r e a c h a r g (V a l 0 ,  V a l s ) d o

V a l  i s  f i x (r o u n d (V a l 0 )),  V  t e n t _ s e t V a l    ).
s t a r t _ t o _ s t a r t _ m i n (t a s k { s t a r t :S 1 } ,  t a s k { s t a r t :S 2 } ,  M i n ) :-

[i c , e p l e x ] :(S 1 + M i n  $ = <  S 2 ).
e n d _ t o _ e n d _ m a x (t a s k { s t a r t :S 1 , d u r a t i o n :D 1 } ,  t a s k { s t a r t :S 2 , d u r a t i o n :D 2 } ,  M a x ) :-

[i c , e p l e x ] :(S 1 + D 1 + M a x  $ >= S 2 + D 2 ).
e n d _ t o _ s t a r t _ m i n (t a s k { s t a r t :S 1 , d u r a t i o n :D 1 } ,  t a s k { s t a r t :S 2 } ,  M i n ) :-

[i c , e p l e x ] :(S 1 + D 1 + M i n  $ = <  S 2 .
e n d _ t o _ s t a r t _ m a x (t a s k { s t a r t :S 1 , d u r a t i o n :D 1 } ,  t a s k { s t a r t :S 2 } ,  M a x ) :-[i c , e p l e x ] :(S 1 + D 1 + M a x  $ >=  S 2 .

d i s j u n c t _ s e t u p (T a s k s ,  C S ) :-
c s _ c r e a t e (C S ,  [] ),
( f r o m t o (T a s k s ,  [T a s k 0 | T a s k s 0 ] ,  T a s k s 0 ,  [] ),  p a r a m (C S ) d o

( f o r e a c h (T a s k 1 , T a s k s 0 ),  p a r a m (T a s k 0 , C S ) d o
T a s k 0  =  t a s k { s t a r t :S 0 ,  d u r a t i o n :D 0 ,  u s e :R 0 } ,
T a s k 1  =  t a s k { s t a r t :S 1 ,  d u r a t i o n :D 1 ,  u s e :R 1 } ,
( R 0  = =  R 1  ->

C S  :~  n o n o v e r l a p (S 0 , D 0 , S 1 , D 1 ) a l i a s  t a s k s (T a s k 0 ,  T a s k 1 )
;

t r u e
) ) ).

n o n o v e r l a p (S i , D i , S j , _ D j ) :-
[i c , e p l e x ] : (S j $ >=  S i + D i ).

n o n o v e r l a p (S i , _ D i , S j , D j ) :
- [i c , e p l e x ] : (S i  $ >=  S j + D j ).
r e p a i r _ l a b e l (C S ) :-

( c s _ a l l _ w o r s t (C S ,  [t a s k s (T a s k 0 ,  T a s k 1 )| _ ] ) ->
T a s k 0  =  t a s k { s t a r t :S 0 ,  d u r a t i o n :D 0 } ,
T a s k 1  =  t a s k { s t a r t :S 1 ,  d u r a t i o n :D 1 } ,
n o n o v e r l a p (S 0 , D 0 , S 1 , D 1 ),
r e p a i r _ l a b e l (C S )

;
t r u e  %  n o  o v e r l a p s

).



B rid g e Ex a m p l e c od e

� U se ic an d  epl ex ,  ten tativ e an d  b ran c h _ an d _ b oun d
l ib raries

� U se task  struc ture to represen t task s:
:- l ocal  st ru ct ( t ask ( st art , du rat ion, need, u se)).

� Con strain t set up,  e. g .  :
st art _ t o_ st art _ min( t ask { st art :S 1 } ,  t ask { st art :S 2 }  ,  M in) :-

[ ic, ep l ex ] :( S 1 + M in $ = <  S 2 ).
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H a nd l e  t o a  c onf l ic t  s e t

A d d  c ons t r a int  t o c onf l ic t  s e t : 
m onit or e d  v e r s ion c a l l e d  t o 

c h e c k  f or  v iol a t ion

a l ia s  d e f ine s  h ow  
m onit or e d  

c ons t r a int  is  
r e t u r ne d  



Set u p  of ep l ex p rob e
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U p d a t e  b ou nd s  b e f or e  s ol v e
T r ig g e r  s ol v e r  w h e n ne w  c ons t r a int s  a r e  

a d d e d…a nd  w h e n b ou nd s  c h a ng e  t o e x c l u d e  
e x is t ing  e p l e x s ol u t ion

s ol u t ionU p d a t e  t e nt a t iv e  v a l u e  w it h  t h e  e p l e x
s ol u t ion v a l u e s  (a s  int e g e r  v a l u e s ).  
V iol a t ion of  m onit or e d  c ons t r a int s  is  

c h e c k e d  f or



R ep a ir of v iol a t ed  c on s t ra in t s
:- l ib ( b r a n ch _ a n d _ b o u n d ) .
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R e p a ir  t h e  v iol a t e d  c ons t r a int  in 
c ons t r a int  s e t  CS  (ov e r l a p p ing  t a s k s )I ns t a nt ia t e d  t o f e a s ib l e  s ol u t ion

U s e  b r a nc h  a nd  b ou nd  
s e a r c h  t o f ind  op t im a l  

s ol u t ion

I m p os e  nonov e r l a p c ons t r a int  t o 
r e m ov e  c onf l ic t



D is j u n c t iv e n on ov erl a p c on s t ra in t
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A d d e d  ne w  or d e r ing  c ons t r a int
b e t w e e n t h e  t w o t a s k s .  Cr e a t e
a  c h oic e -p oint  in t h e  s e a r c h  f or
t h e  t w o or d e r ing s  

P os t  ic c ons t r a int  f ir s t  t o a l l ow  
f a il u r e  b e f or e  s ol v ing  p r ob l e m  w it h  

e p l e x



O v erv iew

� H ow  to mod el
� H ow  to use sol v ers
� H ow  to prototy pe c on strain ts
� H ow  to d o tree searc h
� H ow  to d o optimiz ation
� H ow  to b reak  sy mmetries
� H ow  to use LP/ M I P
� H ow  to d o LS
� H ow  to d o h y b rid s
� H ow  to v isual ise



T ool s
T k E c l ip s e



T ool s
T r ac e r  and  D ata I ns p e c tor



T ool s
S ar os – E C L iP S e / e c l ip s e  inte g r ation



T ool s
V is u al is ation

:-l i b (i c ).
:-l i b (v i e w ab l e ).
se n dm ore 1 (Di g i t s) :-

Di g i t s = [S,E,N,D,M,O,R,Y],
Di g i t s :: [0 ..9 ],
v i e w ab l e _ c re at e (e q uat i on , Di g i t s),
C arri e s = [C 1 ,C 2 ,C 3 ,C 4 ],
C arri e s :: [0 ..1 ],
al l di f f e re n t (Di g i t s),
S #\= 0 ,
M #\= 0 ,
C 1 #= M,
C 2 +  S +  M #= O +  1 0 * C 1 ,
C 3 +  E +  O #= N +  1 0 * C 2 ,
C 4 +  N +  R #= E +  1 0 * C 3 ,

D +  E #= Y +  1 0 * C 4 ,
l ab (C arri e s),
l ab (Di g i t s).

:-l i b (i c ).
:-l i b (v i e w ab l e ).
se n dm ore 1 (Di g i t s) :-

Di g i t s = [S,E,N,D,M,O,R,Y],
Di g i t s :: [0 ..9 ],
v i e w ab l e _ c re at e (e q uat i on , Di g i t s),
C arri e s = [C 1 ,C 2 ,C 3 ,C 4 ],
C arri e s :: [0 ..1 ],
al l di f f e re n t (Di g i t s),
S #\= 0 ,
M #\= 0 ,
C 1 #= M,
C 2 +  S +  M #= O +  1 0 * C 1 ,
C 3 +  E +  O #= N +  1 0 * C 2 ,
C 4 +  N +  R #= E +  1 0 * C 3 ,

D +  E #= Y +  1 0 * C 4 ,
l ab (C arri e s),
l ab (Di g i t s).



T ool s  
V is u al is ation ( ar r ay s )



T ool s
V is u al is ation ( g r ap h s )



O n g oin g  w ork

� Ev ol v e stren g th s
H igh  l ev el  scrip t ing and sol v er coop erat ion
M ore int erf aces t o good sol v ers ( G ecode,  M iniS at ,  …)

� Sy stem En g in eerin g
N ew  comp il er
R u nt ime imp rov ement s

� D ev el opmen t En v iron men t
S aros ( E C LiPS e/ ecl ip se)



R e s ou r c e s

� Books
Con strain t Log ic  Prog rammin g  usin g  ECLiPSe
K rz y sz t of  A p t  &  M ark  W al l ace,  C ambridge U niv ersit y  Press,  2 0 0 6 . 

Prog rammin g  w ith  Con strain ts: an  I n trod uc tion
K im M ariot t &  Pet er S t u ck ey ,  M I T  Press,  1 9 9 8 . 

� ECLiPSe is open -sourc e ( M PL)
M ain w eb sit e w w w .ecl ip se-cl p .org
T u t orial ,  p ap ers,  manu al s,  mail ing l ist s
S ou rces at  w w w .sou rcef orge.net / ecl ip se-cl p


